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(57) Abstract 

The present invention is an ink con- 
tainer for use in an ink jet printing system. 
The printing system has a printhead under 
control of printing system electronics and an 
ink container receiving station for providing 
nk to the printhead. The replaceable ink con- 
tainer includes a plurality of container inter- 
facing features positioned on the ink container 
to engage corresponding ink container receiv- 
ing station interfacing features. The ink con- 
tainer interfacing features are disposed and ar- 
ranged to allow a plurality of different sizes 
of the ink container to be installed at a partic- 
ular location of the receiving station. The ink 
container also includes an information storage 
device that provides information indicative of 
a volume of ink contained in said ink con- 
tainer. 




66 „„ ; 



BNSOOCIO: <WO 9831S48A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



At- 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


KR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


Gl! 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


II. 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX. 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CO 


Congo 


KE 


Kenya 


NI- 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


IT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SC 


Singapore 







NSDOCID: <WO 9831548A1_I_> 



WO 98/31548 



PCT/US97/22873 



Ink Container Having Electronic and Mechanical Features 
Enabling Plug Compatibility Between Multiple Supply Sizes 

5 CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. 
Patent Application Serial Number 08/785,580 filed January 
21, 1997, entitled "Apparatus Controlled by Data from 
10 Consumable Parts with Incorporated Memory Devices", 

incorporated herein by reference. This application is 
also a continuation-in-part of U.S. Patent Application 
Serial Number 08/789,957 filed January 30, 1997, entitled 
"Ink Container Configured for Use with Compact Supply 
15 Station", incorporated herein by reference and which is a 
continuation in part of U.S. Patent Application Serial 
Number 08/706,061 filed August 30, 1996, entitled "Ink- 
Jet Printing System With Off-Axis Ink Supply And High 
Performance Tubing", incorporated herein by reference. 
20 This application is also related to commonly assigned 
"Electrical and Fluidic Interface For An Ink Supply", 
Application Serial Number 08/791,290 filed January 30, 
1997, "Electrical Interconnect For Replaceable Ink 
Containers", Application Serial Number 08/789,958, filed 
25 January 30, 1997, and "Mechanical and Electrical Keying 
Arrangement which Assures Compatibility of a Replaceable 
Ink Cartridge and a Receiving Printer", Attorney Docket 
Number 10960725-1, filed May 16, 1997, the entire 
contents of which are incorporated by reference herein. 

30 

BACKGROUND OF THE INVENTION 

This invention relates to inkjet printers and the 
like and, more particularly, to an ink container having 

I 
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mechanical and electronic features that allow different 
sizes of ink containers to be plug compatible while 
providing an automatic and accurate way of tracking ink 
remaining in the ink container. 

5 

Ink-jet printers or printing systems frequently make 
use of an ink-jet printhead mounted to a carriage which 
is moved back and forth across a print media, such as 
paper. As the printhead is moved across the print media, 
10 control electronics activate the printhead to eject, or 
jet, ink droplets onto print media to form images and 
characters . 

Some printing systems make use of an "of f-car riage" 
15 or "off-axis" ink container that is replaceable 

separately from a high performance printhead wherein the 
ink container is located off of the carriage. When the 
ink container is exhausted the ink container is removed 
and replaced with a new ink container. The use of 
20 replaceable ink containers that are separate from the 
printhead allow users to replace the ink container 
without replacing the printhead and allows for larger ink 
supplies than would be practical on a scanning carriage. 
The printhead is then replaced at or near the end of 
25 printhead life and not when the ink container is 

exhausted. This tends to lower the average cost per 
printed page for the system and can decrease the 
frequency of ink container replacement. 

30 Generally, the frequency of replacement of ink 

containers is determined by the initial volume of ink 
held in the ink containers and the rate of consumption of 
the ink. An ink container that is smaller requires more 
frequent ink container replacement for a given usage 
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rate. This can be inconvenient to the user. A related 
problem occurs if the printer runs out' of ink while 
printing a document. When this happens, the user must 
reprint at least part of the printed document. This 
5 results in wasted ink and media. With a combination of 
high use rate printing and small ink containers, running 
out of ink and reprinting documents can become a very 
frequent event, resulting in considerable inconvenience 
and waste of ink and media. 

10 

The use of a larger ink container results in a less 
frequent ink container replacement for a given usage 
rate. If the container is too large, the container may 
reside in the printer beyond the ink shelf life. When 

15 this happens, the user must decide between replacing the 
container or using the ink. Replacing the container 
implies throwing away unused ink. On the other hand, 
using old ink may damage the printhead or printer. Thus, 
too large of an ink container will at least negatively 

20 impact cost per printed page and/or printing system 
reliability . 

Accordingly, it is desirable to have inkjet printing 
systems that conveniently, reliably, and cost-effectively 
25 accommodate a range of ink usage rates. 

SUMMARY OF THE INVENTION 

The present invention is a replaceable ink container 
30 for use in an inkjet printing system. The printing 

system has a printhead under control of printing system 
electronics and an ink container receiving station for 
providing ink to the printhead. The replaceable ink 
container includes a plurality of container interfacing 

3 
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features positioned on the ink container to engage 
corresponding ink container receiving station interfacing 
features. The ink container interfacing features are 
disposed and arranged to allow a plurality of sizes of 
5 the container to be installed at a particular location in 
the receiving station. Also, the ink container includes 
an information storage device that electrically couples 
to the printing system and provides information 
indicative of a volume of ink contained in the ink 
10 container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic representation of the 
15 printing system showing an ink container of the present 
invention which forms a fluid interconnect and an 
electrical interconnect with the printing system. 

Figure 2 is a perspective view of a printer with 
20 cover removed, which incorporates the ink container of 
the present invention. 

Figure 3 is an ink supply receiving station of the 
type used in the printing system of figure 2, shown 
25 broken away, with an ink container positioned for 
insertion into the ink supply receiving station. 

Figures 4a, 4b, 4c, 4d, and 4e depict an isometric 
view of one preferred embodiment of the ink container of 
30 the present invention. 

Figure 5 depicts a simplified section view, 
partially broken away, of the ink container partially 
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inserted in the ink container receiving station of figure 
6, 

Figure 6 is a block diagram of the components of the 
5 ink jet printing system illustrated in figure 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



FIG. 1 is a schematic representation which depicts 
10 an ink-jet printing system 10 that includes an ink 

cartridge or ink container 12 of the present invention. 
The ink-jet printing system 10 also includes an ink 
supply station or ink container receiving station 14 for 
receiving ink container 12, an ink jet printhead 16 and 
15 controller or printing system electronics 18. Printing 

is accomplished by the printing system 10 by the ejection 
of ink from the printhead 16 under the control of 
printing system electronics 18. The printhead 16 is 
connected to the printing system electronics 18 by a 
20 printhead data link 19 for controlling ejection of ink. 
Ink is provided to the printhead 16 by way of a fluid 
conduit 21 which fluidically connects the printhead 16 to 
the receiving station 14. The ink container includes an 
ink outlet 20 which is in fluid communication with a 
25 fluid reservoir 22. The ink container 12 includes a 

plurality of container electrical contacts 24 which are 
electrically connected to an information storage device 
or memory element 26. 

30 The ink outlet 20 and the electrical contacts 24 

allow the ink container 12 to reliably interconnect with 
a fluid inlet 28 and receiving station electrical 
contacts 30, respectively, associated with the ink 
container receiving station 14. The receiving station 14 
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enables ink to be transferred from the fluid reservoir 22 
associated with the ink container 12 to the printhead 16 
via the fluid conduit 21. In addition, the ink container 
receiving station allows the transfer of information 
5 between the information storage device 26 associated with 
the ink container 12 and the printing system electronics 
18 via a link 32 . 



The present invention relates to a combination of 
10 container interfacing features that allow multiple sizes 
of ink container 12 to be received in ink receiving 
station 14 as well as electronic features that provide 
information to the printing system 10 to determine a 
volume of available in the ink container 12. By 
15 determining the volume of available ink, the printing 
system 10 can determine an ink level condition of ink 
container 12 such as a low ink or out of ink condition. 

During the life of the printer, printhead 16 and ink 
20 container 12 are periodically replaced. Ink container 12 
is a relatively frequently replaced component. On the 
other hand, printhead 16 has a lower replacement rate and 
can even be permanent. To avoid adding unnecessary cost 
per page, it is critical that printing system 10 prevent 
25 premature damage to printhead 16. 

Ink container 12 is sized according to the rate of 
usage of ink. If the ink container is too small, it will 
need to be replaced frequently at a loss of convenience 
30 to the user. On the other hand., if the container is too 
large, it may reside in the printer for a time beyond 
shelf life. Beyond shelf life ink will degrade print 
quality or even cause permanent damage to the printhead 
16 or the printing system 10. 
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Beyond shelf life ink can affect the printhead in a 
number of ways. As ink is stored, it loses volatile 
components, i.e., water, solvents, etc. As the 
5 concentration of non- volatile, components increases, the 
ink can turn to sludge or even precipitate. Sufficiently 
old ink could completely clog the printhead 16 and/or 
conduit 21, requiring printhead replacement or even 
printer servicing. At the very least, the print quality 
10 will be degraded since the printhead is tuned to operate 
best with ink in a particular viscosity and surface 
tension range. The user may interpret any degradation in 
print quality as a need to replace printhead 16, ink 
container 12, or both. 

15 

Thus, it is desirable that the same printing system 
10 address multiple use rate environments. To this end, 
the ink container interfacing features are disposed and 
arranged to allow multiple sizes of the ink container 12 

20 to be installable or insertable at a particular location 
in ink container receiving station 14. The container 
interfacing features include the fluid outlet 20, the 
container electrical contacts 24, arvd a plurality of 
container positioning features 34 that engage 

25 corresponding receiving station positioning features (not 
shown) to be discussed in more detail later. 

Activating printhead 16 without an adequate supply 
of ink from container 12 can result in printhead damage. 
30 To prevent this, the present invention includes 

information storage device 26 that provides information 
to the printing system electronics 13 indicative of an 
available volume of ink contained in ink container 12. 
This parameter is preferably updated periodically. If 
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the parameter is indicative of an out of ink condition in 
ink container 12, the printing system electronics 18 
takes action such as halting printing to. avoid damage to 
printhead 16. 

5 

Turning to figure 2, one embodiment of printing 
system 10 is depicted. Shown is a printer 10, with its 
cover removed, containing a plurality of ink containers 
12. Printer 10 includes a tray 40 for holding a supply 

10 of media, such as paper. When a printing operation is 
initiated, a sheet of media from tray 40 is fed into 
printer 10, using a sheet feeder (not shown) . During 
printing, media sheets pass through print zone 42 
whereupon a scanning carriage 44 containing one more 

15 printheads 16, is scanned across the sheet for printing a 
swath of ink thereon. The sheet of paper is stepped 
through the print zone 42 as the scanning carriage 44 
prints a series of swaths of ink to form images thereon. 
After printing is complete, the sheet is positioned in an 

20 output tray 46 and the process repeats. 

As printheads 16 eject ink onto media, they are 
replenished by conduits 21 that are fluidically connected 
to ink containers 12. Ink containers 12 are periodically 

25 replaced with a frequency determined by the initial 
volume of deliverable ink and a usage rate. Ink 
containers 12 'are called "of f -carriage" because they are 
located in stationary ink supply station 14 off the 
scanning carriage 44. This configuration allows for 

30 larger ink containers than would be practical on carriage 
44. Ink containers can therefore be sized as large as 
user needs dictate. 
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The illustrated printing system is a general purpose 
printer such as one to be used in a typical office or 
home environment. This accepts ink container of varying 
sizes and volumes to accommodate varying rates of ink 

5 usage. In the illustration shown, a relatively larger 

ink container 48 containing a higher use rate colorant is 
provided along with a plurality of smaller ink containers 
50 containing lower use rate colorants. The volumes of 
each colorant are selected to be large enough to minimize 

10 the replacement frequency and small enough to avoid 

exceeding the shelf life given the particular printer 
application . 

A more specific printer example is the following: 
15 Black is the higher use rate colorant for container 48 

and each of cyan, yellow, and magenta inks are lower use 
rate colorants within ink container 50. In this example, 
the black ink container would have a 70-80 cc volume to 
accommodate very frequent text printing in an office 
20 environment and the color ink containers would each have 
a 20-30 cc volume to accommodate lower use rate color 
printing to occasionally highlight documents. This same 
printer can also be used in a home environment wherein 
the text printing frequency is much lower. For this 
25 lower use rate situation, a smaller 20-30 cc black ink 
container 48' (not shown) would be preferred. 
Accordingly, i*nk containers 48 and" 48' are adapted to be 
insertable or installable at the same location in printer 
10. In addition, ink containers 48 and 48' each have 
30 information storage devices that allow the printing 

system 10 to determine the available ink in each of ink 
containers 48 and 48' to avoid printing after an out of 
ink condition. 
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The above specific example is only illustrative of 
one specific application of the invention to black text 
printing. For example, there may be color ink containers 
50' , each of which is installable in the same location as 
5 a color container 50, wherein containers 50 and 50' have 
different volumes of available ink. These may have 
different fill levels or even be of multiple sizes. The 
color containers 50 may contain other colorants (red, 
green, blue) or colorant concentrations as well. There 
10 might be a high volume version of a color ink container 
50 for high density and/or more frequent color printing 
and a lower volume 50' version for lower density and/or 
less frequent printing. 

In a preferred embodiment, all of the ink containers 
12 are the same height to make it easier to install them 
and to make the supply station 14 more compact. The size 
of the supply station impacts overall printing system 
size, which 'needs to be kept at a minimum to preserve 
desktop space and provide a lower printing system cost. 
Ink container 12 is therefore adapted to allow multiple 
widths of ink container 12 to be plug compatible with 
receiving station 14 while providing containers of 
uniform height. 

Turning to figure 3, ink container 12 is shown 
positioned fof insertion into a container receiving 
station 14. The plurality of container positioning 
features 34 include aligning features 62 and latching 
features 64. The aligning features 62 are configured to 
engage corresponding guiding features 66 to guide ink 
container 12 into the receiving station 14. The aligning 
features 62 are preferably positioned on opposite sides 
of the ink container 12. Positioning the aligning 

10 
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features on opposite ends of cartridge 14 eliminates any 
need for partition walls between cartridges 12 during 
insertion. Not having partition walls allows for a lower 
cost and more compact ink supply station 14. 

5 

Ink container 12 has an elongate cross section 
perpendicular to the direction of its insertion into 
receiving station 14. Aligning features 62 are 
positioned at opposite ends of the elongate cross 

10 section, with the elongate shape of ink container 12 

maximizing the distance between the aligning features 62. 
Preferably, aligning features 62 are disposed adjacent to 
a leading edge 72 of ink container 12 relative to a 
direction of insertion. Placing the features at these 

15 locations improves alignment between fluid outlet 20 and 
fluid inlet 28 and improves alignment between container 
contacts 24 and receiving station contacts 30. 

In order for supply station and ink container parts 
20 to be of acceptable cost, they tend to be constructed of 
molded plastic without extremely precision tolerances 
(i.e., without perfect dimensional accuracy). Thus, the 
aligning features 62 on ink container 12 are slightly 
smaller than the guiding features 66 on receiving station 
25 14. As a result, during installation of ink container 12 
into receiving station 14, there is some placement 
variation between the respective features that engage. 
The farther these features are from the fluid outlet 20 
and the container contacts 24, the more effect angular 
30 variations in the suppiy insertion will affect placement 
between the fluid outlet 20 and the fluid inlet 28 as 
well as the between the container electrical contacts 24 
and the receiving station electrical contacts 30. 
Placing the alignment features 62 adjacent to the leading 

I I 
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edge 72 minimizes this distance, thereby minimizing such 
critical placement variation. In addition, maximizing 
the distance between aligning features 62 minimizes the 
angular variation of ink container 12 during installation 
5 relative to an axis aligned with the direction of 

installation. Finally, by placing the fluid outlet 20 
and the container contacts 24 close to the opposite ends 
of container 12 further minimizes the distance between 
the aligning features and the fluid outlet 20 and the 
10 container contacts 24, and this further improves 

alignment accuracy of the fluid outlet 20 to the fluid 
inlet 28 and the container contacts 28 to the receiving 
station contacts 30 . 

15 Once ink container 12 is properly aligned and 

inserted into receiving station 14, a latch 68 engages a 
corresponding latch feature 64 on ink container 12 to 
latch ink container 12 into a receiving station 14. At 
such time, the fluid inlet 28, associated with receiving 

20 station 14, engages the corresponding fluid outlet 20 on 
ink container 12 allow a fluid flow into fluid conduit 
21. 

Insertion of ink container 12 into^ receiving station 
25 also forms an electrical interconnect between ink 
container 12 and receiving station 14. More 
specifically, 'container electrical contacts 24 associated 
with the ink container 12 engage corresponding receiving 
station electrical contacts 30 associated with receiving 
30 station 14 to allow information, to be transferred between 
printing system electronics 18 and information storage 
device 26. 
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Figures 4a-e are isometric views illustrating two 
sizes of ink container 12. The larger embodiment, shown 
in figures 4a-d, is the larger ink container 48 discussed 
with respect to figure 2. Figures 4a, 4b, and 4c show a 
side view, a frontal view, and a leading end view of the 
larger version 48 of ink container 12, respectively. 
Figure 4d shows detail of one aspect of figure 4c, 
Figure 4e illustrates a leading end view of the smaller 
ink container 48' that is plug compatible with ink 
container 48. Details in figure 4d also apply to figure 
4e. The dashed outline of figure 4c represents the 
outside surface of smaller container 48' . 

Ink container 12 has an elongate cross section 
perpendicular to a direction of insertion 70 such that 
the elongate cross section defines an axis of elongation 
designated as element A. The fluid interconnect 20 and 
the plurality of electrical contacts 24 are arranged 
along the axis of elongation A. This allows smaller ink 
container 48' to have a minimal width W . 

The ink container 12 has first and second sides 63 
that are arranged along axis of elongation A. In a 
preferred embodiment, first and second sides 63 are 
substantially aligned with the direction of insertion 70. 
The plurality of container positioning features 34, 
including alignment features 62 and latch features 64 are 
arranged on the first and second sides to engage 
corresponding receiving station positioning features that 
include guiding features 66 and latch features 68, 
respectively. With this arrangement, the container 
positioning features, fluid outlet, and the plurality of 
container electrical contacts are all arranged along the 
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axis of elongation A. This further allows the minimum 
size 48' of container 12 to be of minimum width W . 

The fluid outlet 20 and the container contacts 24 
5 are arranged along axis of elongation A and are located 
toward the first and second sides 63. This minimizes the 
distance between the fluid outlet 20 and leading edge 
aligning feature 62 on one side and it minimizes the 
distance between container contacts 24 and leading edge 
10 aligning feature 62 on the other side. As discussed 
earlier, this improves alignment accuracy between the 
fluid outlet 20 and the fluid inlet 28 and between the 
container contacts 24 and the receiving station contacts 
30. 

15 

The fluid outlet 20 is accessible on a leading edge 
72 of ink container 48. Preferably, the axis of 
elongation A substantially bisects the fluid outlet 20 to 
further provide for a narrow width supply. The fluid 

20 outlet is positioned at the same location relative to the 
container positioning features 34 for the large ink 
container 48 and the small ink container 48' to assure 
that ink containers 48 and 48' are installable or 
insertable into the same particular location of ink 

25 receiving station 14. 

As shown "'in detail in figure 4d, the plurality of 
container electrical contacts 24, also accessible from 
leading edge 72, are disposed in a cavity 74 to protect 
30 the contacts from damage or contamination caused by 

finger contact, ink, etc. The plurality of container 
electrical contacts 24 are disposed on a wall aligned 
with the direction of insertion 70 that allows them to 
make contact with the receiving station electrical 

14 
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contacts 30 in a sliding action. A rectangular opening 
76 provides access to the cavity for receiving station 
electrical contacts 30. The rectangular opening has a 
long axis that is aligned with the axis of elongation A 
to help minimize the minimum width of ink container 12. 
In using this arrangement, the plurality of electrical 
contacts 24 are arranged in facing relationship with the 
axis of elongation A. In addition, the plurality of 
container electrical contacts 24 are positioned at the 
same location relative to the container positioning 
features 34 for the large ink container 48 and the small 
ink container 48' to assure plug compatibility between 
ink containers 48 and 48' . 

To summarize the concept of plug compatibility, ink 
containers 48 and 48', having larger and smaller widths 
respectively, are both installable at a particular 
location in receiving station 14. Thus, when either 
container 48 or container 48' is installed, fluid outlet 
20 is positioned the same relative to receiving station 
guiding features 66 such that fluid outlet 20 will 
properly engage fluid inlet 28. Similarly, when either 
container 48 or container 48' is installed, container 
electrical contacts 24 are positioned the same relative 
to receiving station guiding features 66 such. that 
container electrical contacts 24 will properly engage 
receiving station electrical contacts 30. 

Figure 5 depicts a sectional view perpendicular to 
the direction of insertion 70 of a plurality of ink 
containers 12 taken across aligning features 62 with the 
containers, at least partially, inserted into the supply 
station 14. In this figure, the plurality of ink 
containers 12 includes the larger ink container 48 and 
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the plurality of smaller ink containers 50. Also shown 
in dashed outline is the smaller ink container 48' that 
is plug compatible with ink container 48. In one 
embodiment, ink containers 48 and 48' contain black ink 
5 and ink containers 50 container color ink. 

This figure illustrates a number of interfacing 
feature geometries that provide reliable connections 
between ink container 12 and receiving station 14 and 

10 enable multiple ink container widths. The container 

interfacing features include the positioning features 34, 
the fluid outlet 20, and the plurality of container 
electrical contacts 30. The container positioning 
features 34 include aligning features 62 and latching 

15 features 64 . 



Guiding features 66 are disposed on opposing walls 80 
of supply station 14. Outwardly extending aligning 
features 62 extend into guiding features 66 to provide 
20 alignment between ink container 12 and receiving station 
14 . 

Also shown in dashed outline in this figure is the 
fluid outlet 20 and the rectangular opening 76 that leads 

25 to the plurality of container electrical contacts 24. In 
this view, the plurality of container interfacing 
features, comprising the fluid outlet, the plurality of 
electrical contacts, and the container positioning 
features are projected onto a two dimensional view. In 

30 this view, the projected plurality of container 

interfacing features are all arranged along the axis of 
elongation A in order to minimize the width of the 
smaller black container 48' . This allows the widest 
possible range of plug compatible container widths. 
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As discussed earlier, axis of elongation A 
preferably substantially bisects the fluid outlet 20 and 
passes through the rectangular opening 76 such that the 
5 plurality of container electrical contacts 24 each face 
the axis of elongation A. 

To assure plug compatibility between containers 48 
and 48', the fluid outlet 20 and the container electrical 
10 contacts 24 are positioned at the same location along the 
axis of elongation for either container 48 or 48' . 

Axis of elongation A is located roughly at the 
center of the guiding features 66 when the larger ink 
15 container 48 is installed in receiving station 14. This 
allows the ink container 12 width to be varied in a 
symmetrical manner. 

Ink containers 12 are arranged along a width 
direction in a side-by-side manner in receiving station 
14. These locations are variably spaced to accommodate a 
range of ink container widths. In this example, ink 
containers 48 and 48' have a maximum width of W. On the 
other hand, ink containers 50 have a maximum width of W . 
Thus, the spacing between locations for ink containers 50 
is just over W, whereas the spacing between the location 
for ink containers 48 and 48' is increased to accommodate 
the greater width W. 

Figure 6 depicts a block diagram of a preferred 
embodiment of ink jet printing system 10. Controller or 
printing system electronics (which, in the case of a 
typical printer, include a computer, a printer driver, 
and printer firmware electronics) 18 control the 
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operation of printing system 10. Ink container 12 has an 
information storage device or memory element 26 thereon 
that provides information to printing system 12 
indicative of a volume of ink. 

5 

This information provided by the information 
storage device includes parameters that are indicative of 
the available ink in ink container 12. In this preferred 
embodiment, the parameters include a first parameter that 

10 is indicative of initial available volume of ink 

contained in ink container 12 and a second parameter that 
is indicative of an amount available of ink remaining in 
ink container 12. Initially, the second parameter is 
indicative of a full ink container, i.e., it is 

15 indicative of a volume of ink equal to the initial volume 
of ink. 

In this example, the first parameter is represented 
by a binary encoded value that is proportional to the 
20 initial volume of ink in container 12. The first 

parameter can be encoded in a variety of other ways. As 
a second example, the parameter could be one that is an 
encoded number that is accessed by the printing system 
which then determines an amount of available ink by 

25 comparing the encoded number with a lookup table. For 
the simplest lookup table example, the first parameter 
could just indicate a large supply or small supply for a 
printing system that accepts only two supply sizes. The 
large supply could be indicated by a one and a small 

30 supply by a zero. The system, upon reading the value, 
would have pre-programmed an expected initial available 
volume of ink for use in ink usage calculations. 
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In the immediate example, the second parameter is a 
binary number that is proportional to the fraction of 
available ink left ink the ink container. Again, this 
does not have to be the case; other ways of doing this 
5 such as the aforementioned lookup table (a lookup table 
of fill states or available ink states) could be used. 

As printing takes place, printhead 16 ejects ink 
onto media. Each droplet of ink has a certain drop 

10 volume, that is determined by controller 18. Controller 
18 can determine this drop volume by reading a drop 
volume parameter from a printhead memory element 90. 
Controller 18 periodically calculates the amount of ink 
ejected by printhead 16 for some amount of time or 

15 printing. This is normally done by multiplying a 

calculation of the average drop volume by an amount of 
drops ejected to obtain an incremental volume of ink. 
Controller 18 then subtracts this incremental volume from 
the current value of the amount of ink remaining in ink 

20 container 12 to obtain a new value for amount of ink 

remaining. The second parameter on memory element 26 is 
then updated to reflect the current remaining ink volume. 

As explained above, the first and second parameters 
25 are indicative of initial and current volumes of ink 

contained in ink container 12. However, for reliability 
reasons, this may not be the case'. There is always some 
amount of error in the calculation discussed above. For 
example, printhead 16 may eject ink at a slightly faster 
30 rate than the assumed value. Thus, it would be 

preferable that first and second parameters indicate a 
lesser amount of ink to assure printhead 16 is never 
activated without a steady supply of ink. 
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In another embodiment, the information storage 
device stores a third parameter indicative of the type of 
ink contained in reservoir 22. A difference in ink type 
refers to any aspect that would make two inks non- 
5 identical or different (e.g. different colors, densities, 
solvents, pigment or dye colorant type, surfactants, 
etc.). A change in the ink from a first ink type to a 
non-identical second ink type will tend to affect the 
volume of drops ejected from printhead 16 and hence the 
10 rate of ink usage. Thus, for such a change, the system 
should compensate by changing the correlation of ink 
usage versus number of drops ejected from printhead 16. 

Tracking the amount of ink remaining serves a number 
15 of functions. The printing system user can be notified 
of remaining ink over time. One way to do this is to 
provide an ink level gauge that indicates an ink level 
for each colorant in the printing system. The ink level 
gauge can be displayed on the printer chassis or upon a 
20 computer screen that is interconnected with the printing 
system. When the ink container 12 reaches a low ink 
level, the user can be notified, allowing the user to 
acquire another ink container before the reservoir 22 
becomes fully depleted. Finally, when ink container 12 
25 becomes empty of deliverable ink, printing can be 

automatically stopped to prevent printer damage. Note 
that providing these functions requires prior knowledge 
of the available ink volume within the ink container. 

30 It should be understood that the foregoing 

description is only illustrative of the invention. 
Various alternatives and modifications can be devised by 
those skilled in the art without departing from the 
invention. For example, although a particular printer 
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was shown, this invention could be embodied in any ink 
jet printing system, including color copiers, office or 
home printers, large format CAD (computer aided design) 
printers, and web printers- The example shown had a 
black ink container with large and small sizes. However, 
this invention could be used in other printing systems 
where color ink containers need to have multiple sizes. 
Accordingly, the present invention is intended to embrace 
all such alternatives, modifications, and variances which 
fall within the scope of the appended claims. 



9831S48A1 I 



21 



WO 98/31548 



PCTAJS97/22873 



What is claimed is: 

1. A replaceable ink container to be installed at a 
particular location in a receiving station of an ink jet 
5 printing system, said receiving station for providing ink 
to a printhead, the replaceable ink container comprising: 

a plurality of container interfacing features 
positioned on said ink container to engage 

10 corresponding receiving station interfacing 

features, said plurality of ink container 
interfacing features are disposed and arranged to 
allow a plurality of different sizes of said ink 
container to be installed at said particular 

15 location; and 



an information storage device associated with said 
ink container that electrically couples to said 
printing system and provides information indicative 
20 of a volume of ink within said ink container. 



2. The replaceable ink container of claim 1, wherein 
said plurality of container interfacing features 
includes : 

25 

a fluid outlet configured to connect to a corresponding 
fluid inlet in' said receiving station to allow ink to 
flow from said ink container to said printhead; 



30 a plurality of container electrical contacts configured 
to engage corresponding receiving station electrical 
contacts to allow said information storage device to 
electrically couple to said printing system; and 
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a plurality of container positioning features configured 
to engage corresponding receiving station positioning 
features to properly position said ink container so as to 
provide reliable fluidic and electrical connections 
5 between said ink container and said receiving station. 

3. The replaceable ink container of claim 2, wherein 
said ink container has an axis of elongation 
perpendicular to a direction of insertion of said ink 

10 container into said receiving station, said fluid outlet 
and said plurality of container electrical contacts are 
arranged along said axis of elongation. 

4. The replaceable ink container of claim 3, wherein 
15 said axis of elongation substantially bisects said fluid 

interconnect . 

5. The replaceable ink container of claim 3, wherein 
each of said plurality of container electrical contacts 

20 face toward said axis of elongation. 

6. The replaceable ink container of claim 3, wherein 
said axis of elongation passes through said fluid 
interconnect, and wherein an outer surface of said ink 

25 container is substantially symmetrical with respect to 
said axis of elongation. 

7. The replaceable ink container of claim 3, wherein 
said container has first and second sides arranged along 

30 said axis of elongation, said container positional 
interfacing features are positioned along first and 
second sides for engaging said corresponding receiving 
station positioning features. 
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8. The replaceable ink container of claim 7, wherein 
said first and second sides are substantially aligned 
with said direction of insertion. 

5 9. The replaceable ink container of claim 7, wherein 

said receiving station has opposing walls, said 
corresponding receiving station positional features 
include guiding channels positioned on said opposing 
walls, said container positional interfacing features 
10 include outwardly extending aligning features that extend 
into said guiding channels. 

10. The replaceable ink container of claim 9, 
wherein said aligning features are positioned to align 
15 said ink container such that said axis of elongation is 
substantially centered within said guiding channels when 
said ink container is installed in said receiving 
station . 

20 11. The replaceable ink container of claim 1, 

wherein said information indicative of a volume of ink 
includes at least one parameter indicative of a 
calculated volume of available ink contained in said ink 
container . 

25 

12. The replaceable ink container of claim 11, 
wherein said a't least one parameter includes first and 
second parameters, said first parameter is indicative of 
a calculated initial volume of available ink in said ink 

30 container, said second parameter is indicative of a 

calculated volume of ink remaining in said ink container. 

13. The replaceable ink container of claim 11, 
further comprising a reservoir containing a volume of 
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available ink, said calculated volume of available ink is 
less than or equal to said volume of available ink. 

14. The replaceable ink container of claim 11, 

5 wherein said at least one parameter is a binary number 

interpreted by said printing system to be proportional to 
a volume of deliverable ink. 

15. A system of ink containers for use in a printing 
10 system, said printing system having a printhead under 

control of printing system electronics, said printing 
system having a receiving station for receiving an ink 
container, said receiving station having a fluid inlet in 
fluid communication with said printhead, said system of 
15 ink containers comprising: 



a first ink container adapted for installation in a 
particular location of said receiving station and 
containing a first initial quantity of ink, said 
20 first ink container includes: 



a first fluid outlet disposed and arranged to 
connect to said fluid inlet in said receiving 
station; and 

a first information storage device configured 
to Couple to said printing system, said 
information storage device contains information 
indicative of said first quantity of ink; and 

a second ink container adapted for installation in 
said particular location and containing a second 
quantity of ink with said second quantity of ink 
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different from said first quantity of ink, said 
second ink container includes: 

a second fluid outlet disposed and arranged to 
5 connect to said fluid inlet in said receiving 

station; and 

a second information storage configured for 
electrical connection to said printing system, 
10 said second information device containing 

information indicative of said second quantity 
of ink, wherein said printing system infers ink 
remaining based on one of said first and second 
quantities of ink, 

15 

16. The system of ink containers as recited in claim 

15, wherein said first ink container and said second ink 
container are of different dimensional sizes. 

20 17. The system of ink containers as recited in claim 

16, wherein said first and second ink containers have 
first and second widths perpendicular to a direction of 
insertion, respectively, said first and second widths are 
different . 

25 

18. The system of ink containers as recited in claim 
15, wherein sa'id first ink container contains a first ink 
type, said second ink container contains a second ink 
type, said first ink type is different than said second 

30 ink type. 

19. A printing system, comprising: 
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15 



a printhead for selectively depositing ink droplets 
onto media; 

a receiving station for providing ink to said 
printhead; 

a first ink container adapted for installation in a 
particular location in said receiving station, said 
ink container including: 

a plurality of container interfacing features 
positioned on said ink container to engage 
corresponding receiving station interfacing 
features, said plurality of container 
interfacing features are disposed and arranged 
to allow a plurality of different sizes of said 
ink container to be installed at said 
particular location; 

20 an information storage device associated with 

said ink container; and 

a controller associated with said printing system, 
said controller configured for reading information 
25 indicative of a volume of ink from said information 

storage device. 

20. The printing system of claim 19, wherein said 
receiving station is adapted to position a plurality of 
30 ink containers at locations along a width direction, said 
locations are variably spaced to accommodate a range of 
ink container widths. 
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21. The printing system of claim 19, further 
comprising a second ink container that is configured to 
be installed in said particular location. 

22. The printing system of claim 21, wherein said 
first ink container contains a first volume of available 
ink, said second ink container contains a second volume 
of available ink that is different than said first volume 
of available ink. 

23. The printing system of claim 21 wherein said 
first ink container contains a first ink type, said 
second ink container contains a second ink type that is 
different than said first ink type. 

23. The printing system of claim 19, wherein said 
printhead is mounted in a scanning carriage and wherein 
said ink container receiving station is stationary 
relative to said scanning carriage. 

24. A method of providing ink to a printhead in an 
inkjet printing system, the printhead receiving ink from 
a fluid inlet in a receiving station, comprising: 

a) selecting a first ink container containing a 
first volume of deliverable ink of a first ink type from 
a plurality of ink containers, said plurality of ink 
containers containing different volumes of available ink, 
each of said plurality of said ink containers is adapted 
to be fluidically coupled to said fluid inlet; 

b) fluidically coupling said ink container to said 
fluid inlet; 
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c) providing information to said printing system 
indicative of said volume of deliverable ink; and 

d) providing ink from said ink container to said 
5 printhead. 



25. The method of claim 24, wherein each of said 
plurality of ink containers is insertable in a particular 
location of said receiving station, each of said 
plurality of ink containers has a fluid outlet that is 
configured to engage said fluid inlet when each of said 
plurality of ink containers is inserted in said 
particular location. 



10 



15 26. The method of claim 25, wherein each of said 

plurality of ink containers has an information storage 
device, said information storage device provides said 
information indicative of said volume of deliverable ink 
to said printing system when each of said plurality of 

20 ink containers is inserted in said particular location. 

27. The method of claim 24, further comprising: 

selecting a second ink container containing a second 
25 volume of ink of a second type from said plurality of ink 
containers ; and 

fluidically coupling said second ink container to said 
fluid inlet. 



30 



28. The method of claim 27, wherein said second volume 
of ink is different than said first volume of ink. 
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29. The method of claim 28, wherein said second ink 
container has a different dimensional 'size than said 
first ink container. 

5 30. The method of claim 29, wherein said second ink 
container has a different width than said first ink 
container . 

31. The method of claim 27, wherein said second ink type 
10 is different than said first ink type. 

32. The method of claim 24, further comprising: 

uncoupling said first ink container from said fluid 
15 inlet; 

refilling said first ink container; and 

fluidically coupling said first ink container to said 
20 fluid inlet. 



<WO 9831 548A1 _l_> 



30 



WO 98/31548 



PCT/US97/22873 




NSDOCID: <WO 9831 548A1 _l_> 



WO 98/31548 



PCT/US97/22873 



2/t> 




1NSDOCI0: <WO 9831 545 A 1 J_> 



WO 98/31548 



PCT/US97/22873 



3/6> 




9831548A1 J_> 



WO 98/31548 



PCT/US97/22873 





983154SA1_!_> 



WO 98/31548 



PCT/US97/22873 




_9831548A1_I_> 



WO 98/31548 



PCT/US97/22873 




INTERNATIONA^ ScAxiLn ^wai 



Interna. jl Application No 

PCT/US 97/22873 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B41J25/34 B41J2/175 



According to International Patent Classification (IPC) or to both national classification and IPC 



8. FIELDS SEARCHED 



Minimum documentation searched (classtfication system followed by classification symbols) 

IPC 6 B41J 



Documentation searched other than mm imum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 3 



Citation of document, with indication, where appropriate, of the relevant passages 



EP 0 729 845 A (CANON KABUSHI KI KAISHA) 
September 1996 



see-column 8, line 6 - line 13; figures 
5,6>7B,8B 

EP 0 626 268 A (TOKYO ELECTRIC CO. LTD.) 
30 November 1994 



see column 3, line 56 - column 4, line 48; 
figure 1 

see column 3, line 6 - line 15 

-/-- 



Relevant to claim No. 



1.2,11, 
15,16, 
18-25, 
27-29 



1,2,11, 
15,16, 
18-25, 
27-29 



0 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



' Special categories of cited documents : 

*A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 
fifing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0" document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the prionty date claimed 



"T later, document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



I Date of the actual completion of the international search 

1 April 1998 


Date of mailing of the international search report j 

1 3. 05. 98 


Name and mailing address of the ISA 

European Patent Office. P B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 340-2040. Tx 3l651eponl. 
Fax: (+31-70) 340-3016 


Authorized officer | 

Ducreau, F 



Po.m PCT'ISAI219 'second sheel) (Ju»v 19S!>i 
BNSOOCID: <WO 9831548A1_I_> 



page 1 of 2 



1 



INTERNATIONAL SEARCH REPORT 


Interna jl Application No 

PCT/US 97/22873 


C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document, with indication, where appropriate, of the relevant passages 1 


Relevant to claim No. 


A 


EP 0 526 Q62 A (HEWLETT-PACKARD COMPANY) 3 
February 1993 

see column 1, line 50 - column 2, line 12; 
claim 1; figures 1,2,6,6A,10 




1,2.15. 

16,18, 

19, 

21-25, 
27-29 


A 


EP 0 639 462 A (CANON KABUSH1 KI KAISHA) 22 
February 1995 

see column 12, line 35 - line 40 

see column 14, line 6 - line 50; figure 5 




1,15, 

19-25, 

27-30 


A 


EP 0 685 340 A (CANON KABUSHIKI KAISHA) 6 

December 1995 

see figures 20,21,25 




1,11-15, 
19,24 


A 


W0 96 34761 A (ENCAD, INC.) 7 November 
1996 

see page 5, 1 ine 16 - 1 ine 21 

see page 5, line 34 - page 6, line 3 

see page 6, line 24 - line 26; figures 1-4 




1,11,15, 
19,20,24 


A 


EP 0 741 038 A (OWENS-ILLINOIS CLOSURE 
INC. ) 6 November 1996 
see claim 1; figures 1-3 




1-4,7,8, 
15,19,24 


A 


EP 0 322 131 A (HEWLETT-PACKARD COMPANY) 
28 June 1989 

see column 2, line 3 - line 10; figure 1 




1,15,19, 
20,24 


A 


EP 0 593 282 A (CANON KABUSHIKI KAISHA) 20 
April 1994 

see claim 6; figure 1 




1,11-15, 
19,24 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 96, no. 12, 26 December 1996 

& JP 08 197748 A (C0PYER CO LTD), 6 

August 1996, 

see abstract 




1,15,19 


A 


EP 0 374 884 A (CANON KABUSHI KAISHA) 27 
June 1990 

see column 3, line 7 - line 20; figure 2 




1,15,19, 
24 


A 


EP 0 729 836 A (CANON KABUSHIKI KAISHA) 4 
September 1996 

see page 12, line 10 - line 43; figure 5 




1,15,19, 
24 



Perm PCT/iSA/2^0 (commuancn oi secono sheoi) 'July 1992) 



page 2 of 2 

JDOCID: <WO 9831S48A1 J_> 



Information on patent family members 



Interna .al Application No 

PCT/US 97/22873 



Patent document 




Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 


EP 729845 


A 


04-09-96 


jp 


8295030 A 


12-11-96 


EP oZoZoo 


A 


30-11-94 


jp 


6336070 A 


UD" U 7H 


EP 526062 


A 


03-02-93 


us 


5208610 A 


04-05-93 






DE 69208770 D 


11-04-96 








JP 


7137400 A 




EP 639462 


A 


22-02-95 


J r 




9G f|/I QC 






AU 


1782297 A 


in nc Q7 








AU 


679080 B 


iq nc Q7 

iy-uo-y / 








All 
nil 


7fH?3 n 4 A 


11-05-95 








r a 

LA 




20-02-95 








CN 


1107780 A 




EP 68534G 


A 


06-12-95 


1 D 
J r 




12-12-95 








J P 


oUcbo4U A 




WO 9634761 


A 


07-11-96 


US 




11-11-97 








AU 


E799CQC A 


21-11-96 








r* r\ 

EP 


0822900 A 




FP 741038 


A 


06-11-96 


CA 


2174913 A 


28-10-96 












19-02-97 








JP 


8310004 A 


OC 1 1 QC 


cp 322131 


A 


28-06-89 


US 


4831389 A 


lo-uo-oy 








LA 


1 onoQCc; a 
loUoyDD A 


on in no 








DE 


3879140 A 


lb-U4-y3 








HK 


32195 A 


1 7 n7 QC 








JP 


2002013 A 


08-01-90 








SG 


3495 G 


16-06-95 








US 


4999652 A 


19 m -Q 1 


EP 593282 


A 


20-04-94 


JP 


6126981 A 


10-05-94 








DE 


69315950 D 


05-02-98 








US 


5519418 A 


91 Qfi 


EP 374884 


A 


27-06-90 


JP 


2165963 A 


26-06-90 








DE 68924968 D 


11-01-96 



BNSOOCIO: <WO 983l548Al_l_> 



Form PCT/ISA/210 (patent f«*n.ly HnneiJ (July 1992) 



page 1 of 2 



2 

9 



iniormation on patent family members 



Intern. .al Application No 

PCT/US 97/22873 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 374884 



EP 729836 



04-09-96 



Ub 


COQ9 /1Q£Q 


T 

1 


AC QC 

c i-Ub-yb 


Ub 


C /l QQOQC 

D^oooyD 


A 
A 

» 


ir\ m nc 


Or 


3U0/ DD/ 


A 

A 


OO Cil Ql 


1 D 

Jr 




A 

A 


oo no o i 
^i-uo-y 1 


1 D 


3 1 


A 

A 


O 1 ) AO f\1 


Jr 


oiy/UDc 


A 

A 


co-Uo-91 


Jr 


^cijo^y 


A 

A 


i q nn n i 


vt 


yuiouou 


1 1 
U 


1 c no o/i 


CD 

tr 


uoiuyoD 


A 

A 


1 7 no n/i 


A 1 1 

AU 


&A QQQ C 


D 
D 




AU 


CAO/i i on 


A 

A 


07-02-91 


P A 

CA 


£U££/bb 


A P 

A , L 


06-02-91 


LN 


i nc ioi i 


A 

A 


A1 fiC m 

01-05-91 


CN 


1141241 


A 


29-01-97 


EP 


0412459 


A 


13-02-91 


KR 


9600542 


Y 


17-01-96 


KR 


9511532 


B 


06-10-95 


US 


5506611 


A 


09-04-96 



Form PCT/ISA/210 {patent lanuly anne*) (July \S92\ 
>ISDOCIO: <WO 9831548A1 J_> 



page 2 of 2 



